The guava accessions assembled in the Cuban germplasm collection at Alquízar (Havana Province) were previously characterized by phenotypic 
INTRODUCTION
Guava (Psidium guajava L.; 2n = 22) belongs to the genus Psidium of the family Myrtaceae (Nakasone and Paull, 1998) , and is native to the tropical regions where it grows on different soils and in both humid and dry climates. The largest producer countries (Mexico, Brazil, India and Thailand) grow guava for the economic importance of its fruit which is either used fresh or processed to juice, paste, or marmalade (Morton, 2000) . Other applications of guava are known such as medical uses throughout the tropics for the treatment of diarrhea and fungal infections (Garcia, 2002) .
In Cuba the economically important guava varieties are represented by the germplasm collection at Alquízar (Havana Province). An analysis of these accessions has been started recently, both by agromorphological descriptors (Rodriguez et al., 2004) as well as by AFLP DNA markers (Valdés-Infante et al., 2003) . Moreover, a first molecular linkage map based on AFLP markers has been established and the QTLs for several vegetative traits have been mapped (Valdés-Infante et al., 2003) . The objective of the present work is related to ongoing and future guava breeding programs in Cuba and aims at (i) increasing the marker density of the guava linkage map, (ii) developing and mapping further microsatellite (SSR) markers for individual map alignment, and (iii) mapping important QTLs on this map for future application of co-segregating DNA markers in marker-assisted selection (MAS) . Results from these efforts are presented in this publication.
MATERIALS AND METHODS

Plant Material
Cultivars and accessions used in this study are listed in Table 1 and form part of the Myrtaceae germplasm collection maintained at Alquízar in the vicinity of Güira de Melena (Havana Province, Cuba) under the auspices of the IIFT (Playa, C. Habana, Cuba). The accessions evaluated in the collection reflect three different sources: (i) foreign cultivars; (ii) plants collected in different localities in the country; and (iii) selected genotypes segregating from the seed of open-pollinated cultivars.
Mapping Populations
Three mapping populations were produced at Alquízar by controlled pollination with three individual trees of the guava cultivar 'Enana Cubana roja' as the mother (Table  1 , #37, #35, and #39) and pollen from cultivars 'N6' (#38, Table 1 ; mapping population 1 = MP1), 'Suprema Roja' (#36 , Table 1 ; MP2), and 'Belic L-207' (#40, Table 1; MP3) . For MP1, a total of 120 F1 plantlets were obtained. All 3 mapping populations were planted side by side at Alquízar and phenotypic characters were recorded at regular intervals.
DNA Isolation
Total DNA was extracted from leaf material by a variation (Ramírez et al., 2004 ) of the CTAB method described by Doyle and Doyle (1990) . For this, the CTAB buffer was supplemented with 2% polyvinyl pyrrolidone (PVP) 40, 25 mM sodium ascorbate, 25 mM sodium bisulfite, and 10 mM diethyldithiocarbamate. Five grams of leaf material were frozen in liquid nitrogen and converted to a fine powder by blending in a coffee mill or technical blender. After adding to 25 ml of modified CTAB buffer pre-warmed at 60°C, the suspension was briefly shaken and extracted directly without further incubation with an equal volume of chloroform/isoamyl alcohol (v/v 24:1) followed by centrifugation for phase separation. Nucleic acids were precipitated from the aqueous phase by the addition of 0.8 volumes of isopropanol, collected by centrifugation, and dissolved in TE buffer buffer (10 mM TRIS-HCl pH 8, 0.1 mM EDTA) for RNAse treatment, phenol extraction, and ethanol precipitation as described before (Rohde, 1996) . Precipitated DNA was dissolved in TE, and the integrity and concentration of isolated DNA was determined by electrophoresis in 0.7% agarose gels and comparison to the 1kb DNA ladder (GIBCO-BRL, Netherlands) as concentration marker.
DNA Marker Analysis 1. Biodiversity Analysis. AFLP Analysis. Genomic DNA was restricted with EcoRI and MseI followed by the ligation of the corresponding adaptors and pre-amplification in the presence of universal EcoRI and MseI primers (E01: GACTGCGTACCAATTCA; M01: GATGAGTCCTGAGTAAA). Forty-eight selective AFLP primer combinations (Table 3) were used for final amplification as described previously (Valdés-Infante et al., 2003) . PCR amplifications followed established protocols (Vos et al., 1995) . The reactions were performed in a final volume of 20 μl containing 1 ng of preamplified genomic DNA, 0.2 mM dNTPs, 1.5 mM MgCl 2 , 1x PCR buffer (GIBCO-BRL, Groningen, Netherlands), 10 pmols each of 33 P-labelled AFLP primers and 5 units of Taq DNA polymerase (GIBCO-BRL).
SSR Analysis. The eight SSR primer combinations listed in Table 2 were used for an analysis of 40 guava accessions (Table 1 ). The PCR reactions were performed in a final volume of 20µl containing 50 ng of genomic DNA, 1.5 mM MgCl 2 , 0.2 mM dNTPs, 1 x PCR buffer, 10 pmols of each SSR primer (one 33 P-labelled) and 5 units of Taq DNA Polymerase. PCR amplifications were conducted on a Biometra thermocycler. The amplification profile consisted of an initial DNA denaturation at 94ºC for 3 min, followed by 10 cycles of 94ºC (step 1) for 45 sec; 58ºC (step 2) for 1 min and 72ºC (step 3) for 1 min, with a decrease of the annealing temperature of 0.5ºC during each cycle until 53ºC, when the PCR reaction was continued for another 10 cycles at this annealing temperature with a final step of 72ºC for 10min.
After the PCR reactions, mixtures from AFLP and SSR amplification were processed for analysis by polyacrylamide gel electrophoresis (PAGE) by adding sequencing loading buffer (Promega, Mannheim, Germany) and heating at 94°C. Aliquots of 3 μl were loaded onto a 4% polyacrylamide sequencing gel which was run in 1 x TBE buffer, pH 8.9, at 40 W. After the run, the gel was fixed in 10% acetic acid, washed with water, dried and exposed to X-rays films at room temperature for 1 to 3 days. 2. Linkage Mapping. DNAs from the two parents of the mapping population 'Enana' × 'N6' (MP1) and 82 F1 plants were isolated and processed for AFLP amplification as described above. The details have been described previously (Valdés-Infante et al., 2003) .
Data Analysis
Data analysis followed the procedure described by Valdés-Infante et al. (2003) . For establishing a data matrix, autoradiograms were visually scored for the presence (1) or absence (0) of polymorphic bands. Cluster analysis in order to establish genetic relationships was performed with the NTSYS-PC software package (version 2.1; Rohlf, 2001) supplied by Exeter Software (Setauket, USA). Linkage analysis between marker fragments, estimation of recombination frequencies, determination of linear orders between linked loci, including multipoint linkage analysis, and the ExpectationMaximization (EM) algorithm for handling missing data (Lander et al., 1987; Little and Rubin, 1987) were performed as described by Ritter et al. (1990) and Ritter and Salamini (1996) . The MAPRF program (Ritter and Salamini, 1996) was applied for the computational methods.
QTL Analysis
Qualitative and quantitative characters were measured according to UPOV (1987) as described by Rodríguez et al. (2004) . QTLs were mapped using least square interval mapping methods developed for backcross progeny as described by Knapp et al. (1990) and Knapp and Bridges (1990) and applied to consecutive intervals of the linkage map. SAS Software (SAS Institute Inc., 1989), in particular the procedure PROC NLIN, was used for computational analysis.
RESULTS AND DISCUSSION
This paper describes the molecular characterization of Cuban guava accessions by SSR analysis in order to determine genetic relationships among the collected genotypes. Secondly, for mapping population MP1 an integrated molecular linkage was produced with 220 AFLP markers distributed along 11 linkage groups. Lastly, QTLs for vegetative and reproductive traits were identified on the molecular linkage map.
Characterization of Genetic Diversity within Guava Accessions by SSR Analysis
The results of AFLP analysis for a total 62 guava accessions (including the 40 genotypes of this study; Table 1 ) have been presented earlier (Valdés-Infante et al., 2003) . While AFLP analysis followed established protocols (Vos et al., 1994) , microsatellite (simple sequence repeat; SSR) markers had to be identified first in guava. For this, a (GA)n and (GT)n microsatellite-enriched library was constructed from genomic DNA of the 'Enana Roja cubana' genotype (Table 1, #37). A total of 23 nuclear SSR loci were characterized for revealing polymorphisms by screening different cultivars as described previously (Risterucci et al., 2005) . All SSR primer pairs successfully amplified in P. guajava, with an average number of 4.5 alleles per locus. Cross-species transferability of these SSR primers was tested with other Psidium species, and between 12 to 21 SSR primer pairs (originally developed for P. guajava) were functional in P. acutangulum, P. cattleianum var. lucidum and P. friedrichsthalianum, respectively (Risterucci et al., 2005) .
The six parents of the three guava mapping populations MP1 'Enana Roja cubana' (#37) × 'N6' (#38), MP2 'Enana Roja cubana' (#35) × 'Suprema Roja' (#36), and MP3 'Enana Roja cubana' (#39) × 'Belic L-207' (#40) were then used for an initial screening with the twenty-three SSR primer combinations, and eight SSR primer combinations (Table 2) were finally selected for further studies on the 40 accessions listed in Table 1 . Figure 1 shows the dendrogram derived from the corresponding results of SSR analysis. In accordance with our previous AFLP analysis ( Valdés-Infante et al., 2003) , clearly defined diversity groups within guava accessions were not observed by SSR. With exceptions (#19/#23 and the 'Enana Roja cubana' trees), all genotypes could be differentiated by this analysis. As expected, the four 'Enana Roja cubana' trees (#18 and the three parents #35, #37 and #39 of the mapping populations) clustered together. In contrast to the previous AFLP analysis ( Valdés-Infante et al., 2003) , however, the accession #18 that forms part of the germplasm collection proper, could not be distinguished from #35 which together with #37 and #39 is part of a 'Enana Roja cubana' population. Also, 'Microguayaba' (#29) could not be distinguished unequivocally by SSR analysis as the only distantly related subspecies pumila of Psidium guajava L. (L. Urquiola, personal communication). In fact it is accession #17 which appears most distant from all other guava accessions in this analysis: This accession, together with #27 and #28, was derived from fruits obtained through open pollination of cv. 'Peru Roja' (#32). While AFLP analysis grouped these four accessions into one subcluster, this relationship is not obvious from the current SSR analysis. The eight SSR primer pairs which were used to complement the earlier AFLP studies amplified a total of 42 different alleles, with the number of alleles detected ranging from 3-8 per primer combination (average of 5 SSR alleles per locus) and with heterozygosity values ranging from 0.0571 to 0.5676. However, the accessions 'BG 76-8' (#17) and 'Microguayaba' (#29) amplified only a single allele for each SSR primer pair.
Extension of the Molecular Linkage Map and Mapping of QTLs
Previously, 26 AFLP primer combinations were applied to the analysis of the mapping population MP1 (parents #37 and #38, Table 1 ). Based on the results, a first linkage map was established (Valdés-Infante et al., 2003) with a total of 167 markers mapped onto 11 linkage groups that presumably represent the 11 chromosomes of the haploid guava genome. y, a total number tber totalic fragments. These efforts were further extended by increasing the number of AFLP primer combinations to 48 (Table 3) and mapping additional 53 markers onto the linkage map. The high number of common markers (74 AFLP markers; Table 4) allowed the fusion of the two individual parental maps into an integrated linkage map for the two guava genotypes with a total of 220 markers mapped up to date (Fig. 2) . The individual linkage groups contain from 11 to 30 markers each, vary in length between 104 and 150 cM, and result in a total map length of 1379 cM (Table 4) .
The first mapped QTLs for vegetative characters which were recorded since the field planting of the mapping population in the beginning of 2002 included leaf length, leaf width, petiole length, height, and the growth rates for height and trunk diameter. All characters varied between progeny genotypes, and the corresponding coefficients of variation ranged from 9.4% for leaf length to 28% for height growth rates (Valdés-Infante et al., 2003) . Leaf length was significantly correlated with leaf width and with height, whereas petiole length seemed to be independent from all other characters. Also, height growth rates and height were significantly correlated. Fifteen QTL loci which originated predominantly from 'N6' (male parent of MP1; tall genotype in contrast to the female dwarf 'Enana Roja cubana') could be mapped in total.
For further QTL analyses including the results for fruit characters, only the data from the year 2003 (except for height which was recorded until June 2004) were available for QTL mapping due to the heavy impact of hurricane 'Charly' in 2004. Three (qh1, qh3, qh4) of the five QTLs for height published previously (Valdés-Infante et al., 2003) were confirmed by the new recordings (QHB4, QHB5 and QHB6, respectively; Fig. 2) . The data for a total of 24 qualitative and quantitative traits (not shown) were used in QTL mapping. Tables 5 and 6 summarize the results on fruit analysis for fruit width, length and weight, seed number and seed weight, total soluble solids, acidity, vitamin C content, and pulp thickness. In total, 21 QTLs were identified for these traits and mapped onto different linkage groups of the integrated linkage map. Fruit length (FL) and fruit width (FW) showed significant correlation: Each of the 3 QTLs identified up to now for these characters mapped onto identical intervals of the linkage groups (LGs) I, III, and X (Table 5 ). Both traits are furthermore significantly correlated to fruit weight (WF, Table 7 ). Five QTLs were identified for seed weight and explained some 41% of the total variance. According to their segregation ratios (data not shown), the traits 'attitude of branches' (AB; LG IX) and 'uniformity of fruit shape' (SU; LG III) are monogenic traits, and they were mapped as well (Fig. 2) .
The results presented here are a further step towards (i) increasing the marker density of the guava molecular linkage map, (ii) identifying co-dominant DNA markers such as microsatellites for an alignment of individual maps into a guava reference map, and (iii) identifying markers which co-segregate with important breeding traits. Additional efforts along these lines will form the basis for marker-assisted selection (MAS) in guava breeding programs. Furthermore, it is anticipated to identify a set of molecular markers (MMS) which would be generally applicable to the analysis of different guava genotypes and the construction of linkage maps.
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